Abstract. The flame stabilization limit on micro-combustor had studied to support the micro power generator system. Micro-combustion became the crucial components in a micro power generation system as heat resource that will be converted into electricity. However, the unstable flame in micro-combustor became the main problem that faced by researchers, especially the excess of heat losses. The objective of this study is to observe the flame stabilization limit in a rearward facing step micro-combustor. This study was focused on the effect of micro-combustor material and flame stabilization through the numerical simulation. The micro-combustor material that was used in this study is quartz glass and stainless steel. Micro-combustor was divided into unburned region and burned region. The dimensions of micro-combustor are 3.5 mm inner diameter of unburned region, 4.5 mm inner diameter of burned region and 1 mm thickness. The results have shown that the material of micro-combustor and model of the flame holder have direct relationship with the characteristics of flame stabilization in the micro-combustors. The effects of the flame holder designs and micro-combustors dimensions on the flame stabilization were discussed in detail in this paper.
Introduction
In recent years, the innovation of electronic devices has been steadily increasing and leading to a small, portable and lightweight form. The improvement of this innovation needs to be accompanied by the provision of reliable power supply devices (batteries). The intended power supply is one that has high-specific energy, lightweight, small size and long duration [1] . Thus, the development of electronic equipment has led to innovation and research on power generation such as lithium-ion batteries and micro/meso power generators [2] , [3] , [4] and [5] . The micro power generation system has become a potential energy source because of its ability in energy storage per unit mass and power generation per unit volume.
Micro power generation system is a small-scale power generation by utilizing heat energy generated from a mechanism. The recent hydrocarbon-based micro-power generation system is one potential solution that provides better energy requirements for small devices compared to conventional lithium-ion batteries [4] , [1] and [3] as shown in Fig. 1 . The development of hydrocarbon-fueled hydrocarbon-based power generating devices has attracted much attention because hydrocarbons have much higher energy density than traditional batteries. However, the development of small-scale power generation using hydrocarbons facing obstacles on the difficulty to maintain a stable flame during the combustion process. The idea to stabilize the flame in micro combustor by installing wire mesh as a flame holder in micro combustors made of quartz glass was first proposed by Mikami et al.2013 [6] . Mikami et al. 2013 , reported that the flame could be stabilized in the combustor tube with an inner diameter below than the classical cooling distance. Khandelwal et al. [7] have conducted research using triple cylindrical rearward This study has been carried out numerical studies to obtain a stable flame by combining the two methods, i.e., the installation of wire mesh as a flame holder at the micro-combustor (by Mikami et al.) and the rearward step (by Khandelwal et al.) . The objective of this study is to observe the flame stabilization limit in a rearward facing step micro-combustor. This study was focused on the effect of micro-combustor material and flame stabilization through the numerical simulation. The micro-combustor material was made from quartz glass and stainless steel, while the wire mesh is made of stainless steel. This study has used a numerical approach with Computational Fluid Dynamics (CFD) to determine the variables that affect the stability of flame in the micro-combustor. This approach is widely used in engineering such as in the research of [8] , [9] [10] and [11] .
Numerical simulation
The 3-D numerical simulation has been conducted to investigate the effect of combustor material and combustor model (rearward step with wire mesh as a flame holder) on the flame stabilization limits of micro combustors with gaseous fuels (propane-air combustion). The numerical simulation was performed using a threedimensional (3-D) steady-state by applying academic Computational Fluid Dynamics (CFD) software, ANSYS Release 16.2. The combustor was divided into two parts, i.e., the unburned and burned region by stainless steel wire mesh. The unburned and burned region has a different diameter as rearward step combustor model. The total length of unburned region is 30 mm with the inner diameter 3.5mm and thickness is 1mm. The total length of burned region is 10 mm with the inner diameter 4.5mm and thickness is 1mm. The total length of combustor is 40 mm (Fig. 2) . Wire mesh has a rectangular hole with a length of 0.28 mm and a width of 0.14 mm as shown in Fig. 3 . The 3-D numerical simulation of combustor type of rearward step with wire mesh as a flame holder employed the wire mesh with the wall conductivity (k) = 20 W/m/K refers to Munir and Mikami, 2015 [10] . Figure3 show the detail of the Schematic of the numerical simulation of combustor type of rearward step with wire mesh as a flame holder. The properties of thermodynamic and data of gas transport was obtained from Ansys academic Release 16.2. 
Result and discussion
The simulation begins with cold flow technique assumption with flow velocity 0.20 m/s where only the momentum and continuity equation is solved. The flow of fuel (propane + air) inside of the combustor was ignited at 1800K. The equivalent ratio between propane and air used in this simulation is φ = 1. The focus of this numerical method is extinction limit, flame stabilization limit and blow off limit on some variations of flow velocity (U). The influence of combustor material (stainless steel and quartz glass) was studied in depth to know the performance of both materials as a material combustor. Figure 5 shows the relationship between flow velocity (U) and temperature (T) of combustor type of rearward step with wire mesh using the stainless steel material and quartz glass material. The figure describes the extinction boundary limit, flame stabilization limit and blows off limit on some variation of flow velocity (U). The stable flame area of the combustor type of rearward step with wire mesh and the equivalent ratio φ=1 occurs in flow velocity between 0.082 -0.6 m/s (for stainless steel material) and 0.1 -0.6 m/s (for quartz glass material). Meanwhile, the extinction limit area occurs in flow velocity (U) less than 0.82 m/s for stainless steel material and less than 0.1 m/s for quartz glass material. The blow off limit area for stainless steel and quartz glass material occurs in the same flow velocity (U) that is greater than 0.6 m/s. The maximum temperature generated by the stable flame on the combustor type of rearward step with wire mesh using stainless steel material is 2558.68 K underflow velocity (U) 0.25 m /s, whereas the maximum temperature in the combustor with quartz glass material is 2696.33 K underflow velocity (U) 0.35 m/s. The following will discuss the conditions of flame in the area of extinction, flame stable and blow off. 5 The extinction boundary limit, flame stabilization limit and blows off limit combustor type of rearward step with wire mesh.
Extinction area
The combustor with stainless steel material has a lower extinction limit than quartz glass combustor. Stainless steel combustor extinguishes at 0.08 m/s, and quartz glass combustor extinguishes at 0.082 m/s. Fig. 5 . These results indicate that stainless steel combustor is capable of producing a stable flame at low-velocity flow.
Flame stable area
The stable flame area of the combustor type of rearward step with wire mesh occurs in the range of flow velocity between 0.82 -0.6 m/s for stainless steel combustor and 0.1 -0.6 m/s for quartz glass combustor. To find out more details about the phenomenon of stable flame in the combustor type of rearward step with wire mesh can be seen again Figure 5 . The results of observations in the area of stable flame can be seen that the temperature in the chamber in the combustor type of rearward step with wire mesh increases with increasing flow velocity. However, after reaching its peak point, the addition of flow velocity causes a decrease in temperature and also the flame position of the combustor. Flame shifted away from the wire when the flow velocity is increased. Figure 7 and 8 presented the flame stable in areas close to the blow-off limit (U = 0.6 m / s) for quartz glass material combustor (Fig. 7) and stainless steel combustor (Fig.8) . The Figures explains the symptoms of a decrease in temperature and the heat of reaction on quartz glass and stainless steel combustor. That condition is the area before the blow-off limit, but the flame is still in stable condition. Before the blow off, the flame on the combustor shows symptoms of decreased temperature and also decreased heat of reaction activity. Then, the flame will be extinguished along with the increase of flow velocity.
The comparison of the stable flame area between stainless steel combustor and glass combustor showed no significant difference. The difference only lies in the lower limit or low flow velocity, when the flow velocity increases both the combustor material have in common. In addition, the flame temperature in stainless steel combustor and glass combustor in the flow velocity range 0.1 -0.6 m/s shows similar tendencies. 
Blow off area

Conclusion
The focus of this study is to observe the combustor type of rearward step with wire mesh using the different material of combustor (stainless steel combustor and quartz glass combustor). Three dimension (3-D) numerical simulations of stainless steel combustor and quartz glass combustor has successfully demonstrated. a. The stable flame area of the combustor type of rearward step with wire mesh and the equivalent ratio φ=1 occurs in flow velocity between 0.082 -0.6 m/s (for stainless steel material) and 0.1 -0.6 m/s (for quartz glass material). b. The stainless steel combustor is capable of producing a stable flame at low-velocity flow. c. Before the blow off, the flame on the combustor shows symptoms of decreased temperature and also decreased heat of reaction activity. d. The comparison of the stable flame area between stainless steel combustor and glass combustor showed no significant difference.
